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(54) Fuel cell system capable of reducing electric power loss 



(57) A fuel cell system minimizes the power loss 
that may occur in a conduction passage during supply 
of electric power from a fuel cell (36) to a load. A bypass 
(48) connects between the input of a DC/DC converter 
(38) and the output thereof, and therefore supplies 
power generated by the fuel cell (36) to an inverter (44), 
bypassing the DC/DC converter (38). A changeover 
switch (37) selectively changes the connection of the 
output of the fuel cell (36) between the connection to the 
input of the DC/DC converter (38) and the connection to 
the bypass (48). When the fuel cell (36) is connected to 
the DC/DC converter (38), the power from the fuel cell 



(36) is supplied to the inverter (44) or a battery (40) via 
the DC/DC converter (38). When the fuel cell (36) is 
connected to the bypass (48), the power from the fuel 
cell (36) is supplied to the inverter (44), bypassing the 
DC/DC converter (38). A cutoff switch (41) disconnects 
the output of the battery (40) from a connecting line. 
That is, the cutoff switch (41) disconnects the battery 
(40) from the inverter (44), the bypass (48) and the like 
when turned off. When turned on, the cutoff switch (41) 
connects the battery (40) to those components. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the invention 

[0001 ] The present invention relates to a fuel cell sys- 
tem capable of reducing electric power loss in a power 
conducting passage for supplying power from a fuel cell 
to a load. 

Description of the Related Art 

[0002] A conventional fuel cell system installable in an 
electric vehicle is constructed as illustrated in Fig. 5. A 
fuel 124, such as water and methanol and the like, is 
supplied into a reformer 128. The reformer 128 pro- 
duces a fuel gas, such as hydrogen gas, from the fuel 
124 through steam reforming reaction with methanol. 
The fuel gas produced by the reformer 128 and air 130 
are supplied into a libel cell 136. The fuel cell 136 gen- 
erates an electromotive force through electrochemical 
reactions. The generated electric power is supplied 
from the fuel cell 136 to an inverter 144 via a DC/DC 
converter 138 and a diode 139. The inverter 144 also 
receives electric power from a battery 140 that is con- 
nected in parallel to the DC/DC converter 138. Using 
the power supplied thereto, the inverter 144 drives a 
motor 1 46 to provide driving force for the electric vehi- 
cle. The DC/DC converter 138 regulates the voltage 
output from the fuel cell 136, and applies the regulated 
voltage to the inverter 144 and the battery 140 in paral- 
lel. 

[0003] A control unit 120 calculates a required output 
of the inverter 144 (i.e., required electric power) from 
the amount of depression of an accelerator pedal of the 
electric vehicle detected by an accelerator pedal posi- 
tion sensor 122. Based on the calculated required out- 
put, the control unit 1 20 controls the inverter 1 44 so that 
an electric power corresponding to the required output 
is supplied to the motor 146 via the inverter 144. 
[0004] Normally, the fuel cell 136 outputs an amount 
of power that provides the required output of the inverter 
144. However, if the power from the fuel cell 136 alone 
is not sufficient for the required output of the inverter 
144, the control unit 120 sets the output voltage of the 
battery 140 to a desired value such that a supplement 
power for the required output is outputted (discharged) 
from the battery 140 to the inverter 144, by controlling 
the DC/DC converter 138 to adjust the output voltage of 
the DC/DC converter 138 in accordance with a state of 
charge (SOC) of the battery 140 detected by an SOC 
sensor 142. 

[0005] If the power from the fuel cell 1 36 has a surplus 
after providing the required output of the inverter 144, 
the control unit 1 20 controls the DC/DC converter 1 38 to 
set the output voltage of the battery 140 to a desired 
value such that the surplus power is stored (charged) 



into the battery 140. 

[0006] That is, the related-art fuel cell system adjusts 
the output voltage of the DC/DC converter 138 provided 
between the fuel cell 136 and the parallel circuit of the 
5 battery 1 40 and the inverter 144, so as to set the output 
voltage of the battery 140 to various desired values, 
whereby a desired amount of power is outputted (dis- 
charged) from or stored (charged) into the battery 140. 
[0007] Therefore, power from the fuel cell 136 is sup- 
to plied to the inverter 144, always via the DC/DC con- 
verter 138. 

[0008] However, the power converting efficiency of the 
DC/DC converter 138 is normally as low as 70-80%. 
Since power from the fuel cell 136 is supplied via the 
is DC/DC converter 138, the related-art fuel cell system 
has a problem of a considerable power loss caused by 
the DC/DC converter 138. 

SUMMARY OF THE INVENTION 

20 

[0009] Accordingly, it is an object of the present inven- 
tion to provide a fuel cell system capable of minimizing 
the power loss that occurs in a power conducting pas- 
sage during supply of power from a fuel cell to a load. 
25 [0010] To achieve at least a portion of the aforemen- 
tioned and other objects of the invention, the fuel cell 
system of the invention includes a fuel cell that is sup- 
plied with a fuel and generates a power, a secondary 
battery capable of storing the power generated by the 
30 fuel cell and of supplying a power stored therein to a 
load, a voltage adjusting device for adjusting a voltage 
generated by the fuel cell, a bypass device for supplying 
the power generated by the fuel cell to the load, bypass- 
ing the voltage adjusting device, and a switch device for 
35 selectively changing the path for the supply of the power 
generated by the fuel cell to the load between a path via 
the voltage adjusting device and a path via the bypass 
device. 

[001 1 ] In the invention, if the switch device is switched 
40 so that the power generated by the fuel cell is supplied 
to the load via the bypass device, the power supply from 
the fuel cell to the load bypasses the voltage adjusting 
device, so that substantially no power loss occurs in the 
conduction passage. 
45 [0012] In a case where it is unnecessary to store 
power into the secondary battery or output power from 
the secondary battery, the electric connection between 
the secondary battery and the bypass device and the 
electric connection between the secondary battery and 
so the load may be discontinued by using a shutting device 
in such a manner that the secondary battery is com- 
pletely electrically disconnected from the load, the fuel 
cell and the like. The electrical disconnection of the sec- 
ondary battery in this manner does not cause any sub- 
55 stantial problem. When the secondary battery is this 
disconnected, it becomes unnecessary to set the output 
voltage of the second battery to a desired value, so that 
the voltage adjusting device becomes unnecessary in 
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this case. Therefore, the power generated by the fuel 
cell can be supplied to the load via the bypass device by 
using the switch device, without causing any problem. 
Hence, substantially no power loss occurs in the con- 
duction passage. 5 
[001 3] The aforementioned case where it is unneces- 
sary to store power into the secondary battery or output 
power from the secondary battery may include a case 
where an amount of charge of the secondary battery is 
substantially 100% and a case where a difference 10 
between a required power of the load and an expected 
output power of the fuel cell is substantially zero and 
where the amount of charge of the secondary battery is 
greater than a predetermined reference amount. 
[0014] In the case where the amount of charge of the is 
secondary battery is substantially 100%, no more 
power can be stored into the secondary battery. There- 
fore, this case can be regarded as a case where storage 
of power into the secondary battery is unnecessary. In 
the case where the difference between the required 20 
power of the load and the expected output power of the 
fuel cell is substantially zero, there is no need to supply 
power from the secondary battery to the load. In the 
case where the amount of charge of the secondary bat- 
tery is greater than the predetermined reference 25 
amount, there is not a considerable need to store power 
into the secondary battery. Therefore, these cases can 
be regarded as a case where it is unnecessary to output 
power from the secondary battery or store power into 
the secondary battery. 30 
[001 5] In the fuel cell system of the invention, the volt- 
age adjusting device may be formed by a DC/DC con- 
verter that is suitable to adjust, that is, increase or 
decrease, the voltage outputted from the fuel cell, to a 
desired value. 35 
[001 6] This summary of the invention does not neces- 
sarily describe all necessary features so that the inven- 
tion may also reside in a sub-combination of these 
described features. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 7] The foregoing and further objects, features and 
advantages of the present invention will become appar- 
ent from the following description of a preferred embod- 45 
iment with reference to the accompanying drawings, 
wherein like numerals are used to represent like ele- 
ments and wherein: 

Fig. 1 is an illustration of the construction of a fuel so 
cell system according to an embodiment of the 
invention; 

Fig. 2 is a flowchart illustrating an earlier portion of 
the operation performed by the fuel cell system 
shown in Fig. 1 ; ss 
Fig. 3 is a flowchart illustrating a later portion of the 
operation continuing from the flowchart of Fig. 2; 
Fig. 4 is a graph indicating an example of the output 



current-output voltage characteristic map of the 
battery 40 shown in Fig. 1 , wherein SOC is used as 
a parameter; and 

Fig. 5 is an illustration of the construction of a 
related-art fuel cell system. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENT 

[0018] A preferred embodiment of the present inven- 
tion will be described in detail hereinafter with reference 
to the accompanying drawings. Fig. 1 is an illustration of 
the construction of a fuel cell system according to an 
embodiment of the invention. The fuel cell system of the 
embodiment may be installed in an electric vehicle. 
[0019] The construction of the fuel cell system illus- 
trated in Fig. 1 and overall operation thereof will be 
described. The fuel cell system shown in Fig. 1 has, as 
main components, a control unit 20, an accelerator 
pedal position sensor 22, a reformer 28. a fuel cell 36, a 
changeover switch 37, a DC/DC converter 38, a diode 
39. a battery 40, a cutoff switch 41 , a state-of-charge 
(SOC) sensor 42, an inverter 44, a motor 46, and a 
bypass 48. 

[0020] The reformer 28 is supplied with a fuel 24, such 
as methanol and water and the like, and produces a 
hydrogen-rich gas (reformed gas) containing hydrogen 
through a steam reforming reaction with methanol as 
expressed by equation (1): 

CH 3 OH+H 2 0->3H 2 +C0 2 (1 ) 

[0021 ] The fuel cell 36 receives the hydrogen-rich gas 
produced by the reformer 28 as a fuel gas and also air 
30 as an oxygen-containing oxidative gas. and causes 
electrochemical reactions as , expressed by equations 
(2)-(4) to generate electric power. 

H2 -» 2H* + 2c- ...(2) 



2 H + +2e>1 /20 2 ->H 2 0 (3) 

H 2 +1/202-»H 2 0 (4) 

[0022] In this embodiment the fuel ceil 36 is formed 
by a polymer electrolyte fuel cell having a stack struc- 
ture formed by stacking a plurality of unit cells (not 
shown), each of which is made up of an electrolyte film, 
an anode, a cathode, a separator and the like. The 
hydrogen-rich gas introduced into the fuel cell 36 is sup- 
plied to the anode of each unit cell via a fuel gas pas- 
sage (not shown), so that the hydrogen-rich gas is 
consumed by the reaction expressed by equation (2). 
Air is supplied to the cathode of each unit cell via an oxi- 
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dative gas passage, so that it is consumed by the reac- 
tion expressed by equation (3). Equation (4) expresses 
the reaction that occurs in the entire fuel cell. 
[0023] The fuel cell 36 is connected, via the DC/DC 
converter 38, to the battery 40 and the inverter 44, 5 
which are connected in parallel. Power generated by the 
fuel cell 36 is supplied via the DC/DC converter 38 to 
the inverter 44 and, in some cases, to the battery 40. 
[0024] The DC/DC converter 38 increases or 
decreases the voltage from the fuel cell 36, and applies 
the adjusted voltage to the inverter 44 and the battery 
40 in parallel, via the diode 39. The DC/DC converter 38 
adjusts the value of the output voltage (regulates the 
voltage) in accordance with a control signal from the 
control unit 20. The electric passage from the fuel cell 
36 to the load 46 via the DC/DC converter 38 is a first 
electric passage. 

[0025] The diode 39 allows current to flow only in the 
direction from the DC/DC converter 38 to the inverter 44 
and the battery 40. 

[0026] The battery 40 stores power supplied from the 
fuel cell 36 and, in some cases, stores power regener- 
ated by the motor 46 and supplied via the inverter 44. 
The battery 40 also supplies power to the inverter 44. In 
this embodiment, the battery 40 is a secondary battery 
such as a lead storage battery or the like. The battery 
40 may also be other type of secondary battery such as 
a nickel-cadmium storage battery, a nickel-hydrogen 
storage battery, a lithium secondary battery, and the 
like. The source capacity of the battery 40 is determined 
depending on the expected running condition of the 
electric vehicle, that is, the expected magnitude of load, 
the source capacity of the fuel cell 36 provided in the 
vehicle, and the like. 

[0027] The SOC sensor 42 detects the state of charge 
(SOC) of the battery 40, and sends the result of detec- 
tion to the control unit 20. More specifically, the SOC 
sensor 42 is formed by an SOC meter that integrates 
the value of discharge or charge current with time. 
Based on the integrated value, the control unit 20 calcu- 
lates the amount or state of charge of the battery 40. 
Instead of the SOC meter, a voltage sensor for measur- 
ing output voltage of the battery 40 or a specific gravity 
sensor for measuring the specific gravity of the electro- 
lyte in the battery 40 may be used as the SOC sensor 
42. In this case, the control unit 20 uses the value meas- 
ured by the sensor to determine the amount or state of 
charge of the battery 40. 

[0028] The inverter 44 drives the motor 46 by using 
the power supplied from the fuel cell 36 and/or the bat- 
tery 40. More specifically, the inverter 44 converts the 
DC voltage supplied from the DC/DC converter 38 or 
the battery 40 into three-phase AC voltage and supplies 
the three-phase AC voltage to the motor 46. In accord- 
ance with the control signal from the control unit 20. the 
inverter 44 adjusts the frequency and the amplitude of 
the three-phase AC voltage (pulse width in reality) to be 
supplied to the motor 46. so as to control the torque pro- 



duced by the motor 46. 

[0029] In reality, the inverter 44 is formed mainly by six 
switching elements (for example, bipolar MOSFETs 
(IGBTs)). The switching operation of the switching ele- 
ments is controlled by the control signal from the control 
unit 20 so that the DC voltage applied to the inverter 44 
is convened into three-phase AC voltage having a 
desired amplitude and a desired frequency. 
[0030] The motor 46 is formed by, for example, a 
three-phase synchronous motor. The motor 46 is driven 
by power supplied from the fuel cell 36 and/or the bat- 
tery 40 via the inverter 44, so that a torque on the drive 
shaft (not shown) is generated. The generated torque is 
transmitted to the axle (not shown) of the electric vehi- 
cle via gears (not shown), thereby providing the axle 
with rotational drive force. The electric vehicle is there- 
fore provided with the drive force, and the vehicle is thus 
driven. 

[0031] The accelerator pedal position sensor 22 
detects the amount of depression of the accelerator 
pedal of the electric vehicle and sends the result of 
detection to the control unit 20. 

[0032] The control unit 20 has a CPU 20a, a ROM 
20b, a RAM 20c, and an input/output port 20d. The CPU 
20a executes desired operations in accordance with the 
control programs to perform various operations and 
controls. Pre-stored in the ROM 20b are the aforemen- 
tioned control programs, the control data for use in exe- 
cution of the above-mentioned operation, data 
regarding the output current-output power characteris- 
tics using, as a parameter, the amount or state of 
charge (SOC) of the battery 40. The RAM 20c tempo- 
rarily stores various data obtained by execution of the 
aforementioned operations. The input/output port 20d 
inputs the results of detection from the various sensors 
and sends them to the CPU 20a, and furthermore out- 
puts control signals to the various components or ele- 
ments in accordance with an instruction from the CPU 
20a. 

[0033] The fuel cell system of this embodiment 
employs the bypass 48, the changeover switch 37 and 
the cutoff switch 41 as described below. 
[0034] The bypass 48 is formed of connecting lines 
that directly connect between the input and the output of 
the DC/DC converter 38. The bypass 48 is provided for 
supplying power generated by the fuel cell 36 to the 
inverter 44, while bypassing the DC/DC converter 38, 
and forms a second elecric passage. 
[0035] The changeover switch 37 is a switch for selec- 
tively changing between connection of one of the output 
lines of the fuel cell 36 to either one of the input lines of 
the DC/DC converter 38, or to one of the two lines of the 
bypass 48. Therefore, if the changeover switch 37 has 
been switched to the input of the DC/DC converter 38, 
power generated by the fuel cell 36 is supplied to the 
inverter 44 and the battery 40 via the DC/DC converter 
38. If the changeover switch 37 has been switched to 
the bypass 48, power generated by the fuel cell 36 is 
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supplied to the inverter 44 via the bypass 48 bypassing 
the DC/DC converter 38. The changeover switch 37 is 
operated in accordance with a control signal from the 
control unit 20. 

[0036] The cutoff switch 41 is a switch for cutting one 5 
of the output lines of the battery 40 off from a connect- 
ing line between the diode 39 and the inverter 44. When 
the cutoff switch 41 is on, the battery 40 is electrically 
connected to the bypass 48 and the DC/DC converter 
38. When the cutoff switch 41 is off, the battery 40 is 10 
completely electrically disconnected from those compo- 
nents. The cutoff switch 41 is changed between the on- 
state and the off-states in accordance with a control sig- 
nal from the control unit 20. 

[0037] The operation of the fuel cell system of this 15 
embodiment will be described in detail with reference to 
the flowcharts of Figs. 2 and 3. 

[0038] Fig. 2 is a flowchart illustrating an initial portion 
of the operation performed by the fuel cell system 
shown in Fig. 1 . Fig. 3 is a flowchart illustrating a later 20 
portion of the operation continuing from the flowchart of 
Fig. 2. In an initial state, the changeover switch 37 is 
connected to the input of the DC/DC converter 38, and 
the cutoff switch 41 is in the on-state. 

[0039] In step S10 in Fig. 2, the control unit 20 inputs 25 
an accelerator pedal depression detected by the accel- 
erator pedal position sensor 22. Based on the detected 
accelerator pedal depression, the control unit 20 is able 
to detect a driver's intention related to how much power 
is to be supplied to the motor 46 via the inverter 44 to 30 
drive the electric vehicle. In step S12, the control unit 20 
calculates a power to be supplied via the inverter 44 
(required output of the inverter 44) on the basis of the 
detected accelerator pedal depression. 
[0040] Meanwhile, in step S14, the control unit 20 35 
determines a power to be generated by the fuel cell 36, 
that is, an expected output power. For example, if the 
fuel cell 36 is desired to be operated at a desired oper- 
ating point, the control unit 20 calculates the power 
expected to be generated by the fuel cell 36 if the fuel 40 
cell 36 is operated at that operating point, and deter- 
mines the calculated power as an expected output 
power. 

[0041 ] The control unit 20 may execute the processing 
of steps S10 and S12 and the processing of step S14 45 
substantially simultaneously, or serially. That is, the con- 
trol unit 20 may also start one of the processings after 
completing the other processing. 
[0042] Subsequently in step S16, the control unit 20 
subtracts the expected output power of the fuel cell 36 so 
determined in step S14 from the required output of the 
inverter 44 calculated in step S12 to determine a differ- 
ence therebetween. If the difference is greater than 
zero, the operation proceeds to step S18 in Fig. 3. H the 
difference is less than zero, the operation proceeds to 55 
step S26 in Fig. 3. if the difference is zero, the operation 
proceeds to step S42 in Fig. 3. The difference being 
greater than zero indicates that the required output of 



the inverter 44 cannot be provided solely by the output 
power of the fuel cell 36. The difference being less than 
zero indicates that the output power of the fuel cell 36 
provides a surplus power after providing the required 
output for the inverter 44. The difference being equal to 
zero indicates that the output power of the fuel cell 36 
provides the exact amount of the required output of the 
inverter 44 without a surplus nor a shortage. 
[0043] Steps S18-S24 in Fig. 3 will be described. If it 
is determined in step S16 that the difference between 
the required output of the inverter 44 and the expected 
output power of the fuel cell 36 is greater than zero, the 
control unit 20 inputs, in step S18, an amount or state of 
charge (SOC) of the battery 40 detected by the SOC 
sensor 42. 

[0044] Subsequently in step S20. the control unit 20 
reads from the ROM 20b in the control unit 20 an output 
current-output voltage characteristic of the battery 40 
corresponding to the SOC inputted in step S18. 
[0045] As stated above, data regarding output current- 
output voltage characteristics of the battery 40 using 
SOC as a parameter as indicated in Fig. 4 are pre- 
stored in the ROM 20b in the control unit 20. 
[0046] Fig. 4 is a graph indicating an example of the 
output current-output voltage characteristic map of the 
battery 40 shown in Fig. 1 wherein SOC is used as a 
parameter. In the graph of Fig. 4, the vertical axis indi- 
cates the output voltage of the battery 40 and the hori- 
zontal axis indicates the output current of the battery 40. 
[0047] As indicated in Fig. 4, the output current-output 
voltage characteristic of the battery 40 varies depending 
on SOC. That is. if SOC is determined, then a single 
output current-output voltage characteristic curve is 
determined. Fig. 4 shows output current-output voltage 
characteristic curves G1 , G2, G3, G4 and G5 in increas- 
ing order of SOC. Thus, various output current-output 
voltage characteristics corresponding to different SOC 
values are stored in the ROM 20b. 
[0048] The control unit 20 reads an output current-out- 
put voltage characteristic corresponding to the input 
SOC from the plural output current-output voltage char- 
acteristics stored in the ROM 20b. Based on the output 
current-output voltage characteristic thus read, the con- 
trol unit 20 determines, in step S20, an output voltage 
required for the battery 40 from the difference between 
the required output of the inverter 44 and the expected 
output power of the fuel cell 36 determined in step S16. 
[0049] More specifically, if the characteristic curve G3 
indicated in Fig. 4, as for example, is read out as an out- 
put current-output voltage characteristic corresponding 
to the detected SOC, the control unit 20 calculates a 
point on the read characteristic curve G3 at which the 
multiplication product of the output current and the out- 
put voltage (that is. the output power of the battery 40) 
becomes substantially equal to the difference between 
the required output of the inverter 44 and the expected 
output power of the fuel cell 36. If the point is, for exam- 
ple. Pn in Fig. 4, the output voltage of the battery 40 at 
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the point Pn is determined as an output voltage required 
for the battery 40. 

[0050] Subsequently in step S22, the control unit 20 
controls the DC/DC converter 38 so that the output volt- 
age of the DC/DC converter 38 becomes equal to the 
output voltage determined in step S20. At this moment, 
the changeover switch 37 is connected to the input of 
the DC/DC converter 38, and the cutoff switch 41 is in 
the on-state, as initial states as mentioned above. 
[0051] Therefore, since the output voltage of the 
DC/DC converter 38 is applied to the battery 40 and the 
inverter 44, the output voltage of the battery 40 can be 
brought to the output voltage determined in step S20 by 
adjusting the output voltage of the DC/DC converter 38 
as described above. As a result, the battery 40 is 
caused to output a power corresponding to the differ- 
ence between the required output of the inverter 44 and 
the expected output power of the fuel cell 36 determined 
in step S16. 

[0052] In step S24, the control unit 20 controls the 
inverter 44 so that the power corresponding to the 
required output of the inverter 44 calculated in step S1 2 
is supplied to the motor 46 via the inverter 44 and there- 
fore consumed by the motor 46. As a result, the power 
outputted from the battery 40 is supplied to the inverter 
44, and a supplemental amount of power for the 
required power (that is. the difference between the 
required output of the inverter 44 and the output power 
of the battery 40) is extracted from the fuel cell 36, and 
is supplied to the inverter 44. 

[0053] That is, the control unit 20 controls the DC/DC 
converter 38 and the inverter 44 as described above, so 
that the power equal to the expected output power 
determined in step SI 4 is extracted from the fuel cell 36 
and the power from the fuel cell 36 is supplied to the 
inverter 44 together with the power from the battery 40. 
[0054] Steps S26-S40 in Fig. 3 will next be described. 
If it is determined in step S16 that the difference 
between the required output of the inverter 44 and the 
expected output power of the fuel cell 36 is less than 
zero, the control unit 20 inputs, in step S26, an amount 
or state of charge (SOC) of the battery 40 detected by 
the SOC sensor 42, as in the case where the difference 
is greater than zero. 

[0055] Subsequently in step S28, the control unit 20 
determines whether the input SOC is less than 100%. If 
the SOC is 100%, the control unit 20 goes to step S30 
taking it into consideration that the battery 40 cannot 
store any more power. If the SOC is less than 100%, the 
control unit 20 goes to step S36 taking it into considera- 
tion that the battery 40 still has a capacity for storing 
power. 

[0056] If the SOC is 100% (NO in step S28). the con- 
trol unit 20 controls the cutoff switch 41 to turn the cutoff 
switch 41 off in step S30, so that the battery 40 is elec- 
trically disconnected from the inverter 44, the bypass 
48, the DC/DC converter 38 and the like. Therefore, no 
power is outputted from the battery 40, and no power is 



stored in the battery 40. 

[0057] Subsequently in step S32, the control unit 20 
controls the changeover switch 37 to switch the connec- 
tion thereof to the bypass 48. As a result, the output of 
5 the fuel cell 36 is connected to the input of the inverter 
44 by the bypass 48, bypassing the DC/DC converter 
38. 

[0058] Subsequently in step S34, the control unit 20 
controls the inverter 44 so that the power corresponding 

10 to the required output of the inverter 44 calculated in 
step S12 is supplied via the inverter 44 to the motor 46 
and therefore consumed by the motor 46. As a result, 
the power corresponding to the required output of the 
inverter 44 is extracted from the fuel cell 36, and is sup- 

15 plied to the inverter 44 via the bypass 48, without being 
conducted via the DC/DC converter 38 and without 
being stored into the battery 40. Therefore, the entire 
power from the fuel cell 36 is consumed by the motor 
46. 

20 [0059] Therefore, since the DC/DC converter 38, 
which causes a considerable power loss, is bypassed in 
the aforementioned case, substantially the entire power 
extracted from the fuel cell 36 can be supplied to the 
inverter 44 without any substantial power loss. 

25 [0060] Furthermore, since the power corresponding or 
equivalent to the required output of the inverter 44 is 
extracted from the fuel cell 36, the power extracted from 
the fuel cell 36 is less than the expected output power 
determined in step S14 in this case. This is because the 

30 difference between the required output of the inverter 
44 and the expected output power of the fuel cell 36 is 
less than zero in this case. 

[0061 ] If it is determined in step S28 that the SOC is 
less than 100% (YES in step S28), the control unit 20 

35 reads, in step S36, an output current-output voltage 
characteristic corresponding to the SOC inputted in step 
S26 from the ROM 20b provided in the control unit 20. 
Furthermore in step S36, based on the output current- 
output voltage characteristic read from the ROM 20b, 

40 the control unit 20 determines an output voltage 
required for the battery 40 from the difference between 
the required output of the inverter 44 and the expected 
output power of the fuel cell 36 determined in step S16. 
[0062] Step S36 is executed as in step S20. That is, if 

45 the characteristic curve G3 indicated in Fig. 4, for exam- 
ple, is read out as an output current-output voltage char- 
acteristic corresponding to the detected SOC, the 
control unit 20 calculates a point on the read character- 
istic curve G3 at which the multiplication product of the 

so output current and the output voltage (that is, the output 
power of the battery 40) becomes substantially equal to 
the difference between the required output of the 
inverter 44 and the expected output power of the fuel 
cell 36. Since the difference between the required out- 

55 put of the inverter 44 and the output power of the fuel 
cell 36 is less than zero (i.e., a negative value) in this 
case, the control unit 20 calculates a point at which the 
product of the output current and the output voltage 
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(i.e., the output power of the battery 40) is a negative 
value. The output power of the battery 40 being nega- 
tive means that the power is stored into the battery 40. 
Since the output voltage of the battery 40 does not 
become negative as can be seen from Fig. 4, the control 5 
unit 20 calculates a point at which the output current is 
negative. 

[0063] If the point is, for example, Pr in Fig. 4, the out- 
put voltage Vr of the battery 40 at the point Pr is deter- 
mined as an output voltage required for the battery 40. 
[0064] Subsequently in step S38, the control unit 20 
executes substantially the same processing as in step 
S22. At this moment, the changeover switch 37 and the 
cutoff switch 41 are in the initial states, that is, the 
changeover switch 37 is connected to the input of the 
DC/DC converter 38 and the cutoff switch 41 is in the 
on-state, as mentioned above. 

[0065] That is. in step S38. the control unit 20 adjusts 
the output voltage of the DC/DC converter 38 so that the 
output voltage of the battery 40 becomes equal to the 
output voltage determined in step S36. Therefore, a 
power is stored into the battery 40. More specifically, of 
the power extracted from the fuel cell 36, an amount of 
power corresponding to the absolute value of the differ- 
ence between the required output of the inverter 44 and 
the expected output power of the fuel cell 36 is stored 
into the battery 40. 

[0066] Subsequently in step S40, the control unit 20 
controls the inverter 44 so that the power corresponding 
to the required output of the inverter 44 calculated in 
step S12 is supplied to the motor 46 via the inverter 44 
and therefore consumed by the motor 46. As a result, of 
the power extracted from the fuel cell 36, an amount of 
power corresponding to the required output of the 
inverter 44 (that is, the amount of power that is not 
stored into the battery 40) is supplied to the inverter 44 
and consumed by the motor 46. 
[0067] That is, the control unit 20 controls the DC/DC 
converter 38 and the inverter 44 as described above, so 
that the power equal to the expected output power 
determined in step S14 is extracted from the fuel cell 36 
and a portion of the power is stored into the battery 40. 
[0068] Steps S42-S56 in Fig. 3 will be described. If it 
is determined in step S16 that the difference between 
the required output of the inverter 44 and the expected 
output power of the fuel cell 36 is zero, the control unit 
20 inputs, in step S42, an amount or state of charge 
(SOC) of the battery 40 detected by the SOC sensor 42, 
as in steps S1 8 and S26. 

[0069] Subsequently in step S44, the control unit 20 
determines whether the input SOC is greater than 60%. 
If it is determined that the SOC is not greater than 60%, 
it is considered that the battery 40 is not sufficiently 
charged, and needs to be further charged, and there- 
fore the operation proceeds to step S46. If the SOC is 
greater than 60%, it is considered that the battery 40 
stores a sufficiently large amount of power and does not 
need to be further charged, and therefore the operation 



proceeds to step S52. 

[0070] H the SOC is equal to or lower than 60% (NO 
in step S44), the control unit 20 reads, in step S46, an 
output current-output voltage characteristic correspond- 
ing to the SOC inputted in step S42 from the ROM 20b 
provided in the control unit 20. Furthermore in step S46. 
based on the output current-output voltage characteris- 
tic read from the ROM 20b. the control unit 20 deter- 
mines an output voltage required for the battery 40. 
[0071] Step 46 is executed in substantially the same 
manner as in steps S20 and S36. That is, if the charac- 
teristic curve G3 indicated in Fig. 4, for example, is read 
out as an output current-output voltage characteristic 
corresponding to the detected SOC, the control unit 20 
sets a desired point on the read characteristic curve G3 
at which the multiplication product of the output current 
and the output voltage (that is, the output power of the 
battery 40) is a negative value (that is, a desired point at 
which the output current of the battery 40 is negative), in 
order to store power into the battery 40. The control unit 
20 determines the output voltage of the battery 40 at 
that point as an output voltage required for the battery 
40. 

[0072] Subsequently in step S48, the control unit 20 
adjusts the voltage using the DC/DC converter 38 as in 
steps S22 and S38. At this moment, the changeover 
switch 37 and the cutoff switch 41 are in the initial 
states, that is, the changeover switch 37 is connected to 
the DC/DC converter 38 and the cutoff switch 41 is in 
the on-state, as mentioned above. 
[0073] That is, the output voltage of the DC/DC con- 
verter 38 is adjusted so that the output voltage of the 
battery 40 becomes equal to the output voltage deter- 
mined in step S46. Thus, more power is stored into the 
battery 40. More specifically, of the power extracted 
from the fuel cell 36, an amount of power corresponding 
to the point set in step S46 (that is, an amount of power 
corresponding to the absolute value of the multiplication 
product of the output current and the output voltage at 
that point) is stored into the battery 40. 
[0074] In step S50, the control unit 20 controls the 
inverter 44 so that the power corresponding to the 
required output of the inverter 44 calculated in step S12 
is supplied to the motor 46 via the inverter 44 and there- 
fore consumed by the motor 46. As a result, of the 
power extracted from the fuel cell 36, an amount of 
power corresponding to the required output of the 
inverter 44 is supplied to the inverter 44 and consumed 
by the motor 46. 

[0075] Thus the control unit 20 controls the DC/DC 
converter 38 and the inverter 44 as described above, so 
that a portion of the power extracted from the fuel cell 36 
is stored into the battery 40. 

[0076] In this case, power is extracted from the fuel 
cell 36 not only for the power corresponding to the 
required output of the inverter 44 but also for the power 
that is to be stored into the battery 40. Therefore, the 
power actually extracted from the fuel cell 36 becomes 



15 



20 



25 



30 



35 



40 



45 



50 



7 



BNSDOCID: < E P 097266SA2J _> 



13 



EP 0 972 668 A2 



14 



greater than the expected output power determined in 
step S14. 

[0077] rf it is determined in step S44 that the SOC is 
greater than 60% (YES in step S44), the control unit 20 
controls the cutoff switch 41 in step S52 to turn off the 
cutoff switch 41 , so that the battery 40 is electrically dis- 
connected from the inverter 44, the bypass 48, the 
DC/DC converter 38 and the like, as in step S30. As a 
result, no power is outputted from the battery 40, and no 
power is stored into the battery 40. 
[0078] Subsequently in step S54, the control unit 20 
controls the changeover switch 37 to switch the connec- 
tion of the changeover switch 37 to the bypass 48, as in 
step S38. As a result, the output of the fuel cell 36 is 
connected to the input of the inverter 44 via the bypass 
48, bypassing the DC/DC converter 38. 
[0079] Subsequently in step S56, the control unit 20 
controls the inverter 44 so that the power corresponding 
to the required output of the inverter 44 calculated in 
step S1 2 is supplied to the motor 46 via the inverter 44 
and therefore consumed by the motor 46. As a result, 
the power corresponding to the required output of the 
inverter 44 is extracted from the fuel cell 36 is supplied 
to the inverter 44 and consumed by the motor 46, with- 
out being conducted through the DC/DC converter 38 
nor being stored into the battery 40. 
[0080] Since the DC/DC converter 38. which causes 
a considerable power loss, is bypassed, substantially 
the entire power extracted from the fuel cell 36 can be 
supplied to the inverter 44 without any substantial 
power loss. 

[0081] As is apparent from the foregoing description, 
the processing in each of steps S34 and S56 in the 
embodiment supplies the power generated by the fuel 
cell 36 to the inverter 44 while bypassing the DC/DC 
converter 38, which causes a power loss, so that sub- 
stantially no power loss occurs in the conducting pas- 
sage. Furthermore, in each of the steps S34 and S56, it 
is unnecessary to store power into the battery 40 and to 
output power from the battery 40. Therefore, the 
processing of the steps S34 and S56 is not affected by 
the electrical disconnection of the battery 40 from the 
inverter 44, the bypass 48, the DC/DC converter 38 and 
the like which is accomplished by operating the cutoff 
switch 41 in steps S30 and S52. Furthermore, the dis- 
connection of the battery 40 in steps S30 and S52 elim- 
inates the need to set the output voltage of the battery 
40 to a desired value, so that the DC/DC converter 38 
becomes unnecessary. Therefore, bypassing the 
DC/DC converter 38 does not cause any problem. 
[0082] If load fluctuation is small, for example, during 
high-speed travel, in the electric vehicle equipped with 
the fuel cell system of this embodiment, the frequency 
of the switching of the changeover switch 37 and the 
cutoff switch 41 decreases, and the power conduction 
via the bypass 48 with the battery 40 disconnected 
becomes more likely to be selected for a greater propor- 
tion of the entire duration. The embodiment thus 



becomes more effective in such a case. Since in typical 
fuel cells the efficiency decreases at the time of high 
output, power conduction via the bypass 48 with the 
battery 40 disconnected becomes very effective rf a 

5 high output of the fuel cell is required, for example, dur- 
ing high-speed travel or the like. 
[0083] It is to be understood that the invention is not 
limited to the disclosed embodiment or constructions. 
To the contrary, the invention is intended to cover vari- 

io ous modifications and equivalent arrangements 
included within the spirit and scope of the invention. 
[0084] Although in the foregoing embodiment, the 
changeover switch 37 is a switch for selectively chang- 
ing the connection of the fuel cell 36 between the con- 

15 nection to the input DC/DC converter 38 and the 
connection to the bypass 48, the changeover switch 37 
may also be a switch for selectively changing the con- 
nection of the input of the inverter 44 between the con- 
nection to the output of the DC/DC converter 38 and the 

20 connection to the bypass 48. It is also possible to 
employ a changeover switch for changing between the 
disconnection of the bypass 48 and the connection of 
the bypass 48. 

[0085] Although in the foregoing embodiment, metha- 
25 nol and water are supplied as the fuel 24 to the reformer 
28, the fuel usable in the invention is not limited to those 
materials. For example, methanol may be replaced by 
methane, ethanol. natural gas, gasoline, light oil, or the 
like. If hydrogen is used as a fuel 24, the reformer 28 
30 becomes unnecessary. 

[0086] Furthermore, the fuel cell 36 is not limited to a 
polymer electrolyte fuel cell, but may also be other type 
of fuel cell, for example, a phosphoric acid fuel cell, a 
solid electrolyte fuel cell, and the like. 
35 [0087] It does not limit the claimed invention and that 
the discussed combination of features might not be 
absolutely necessary for the inventive solution. 

Claims 

40 

1 . A fuel cell system comprising: a fuel cell (36) that is 
supplied with a fuel (24, 30) and generates a power; 
a secondary battery (20) capable of storing the 
power generated by the fuel cell and of outputting a 

45 power stored therein; and voltage adjusting means 
(38) for adjusting a voltage generated by the fuel 
cell and applying an adjusted voltage to the sec- 
ondary battery and a load (44), wherein the power 
generated by the had cell and the outputted by the 

so secondary battery can be supplied to the toad, the 
fuel cell system being characterized by further com- 
prising: 

bypassing means (48) for supplying the power 
55 generated by the fuel cell to the load, bypass- 

ing the voltage adjusting means; and 

switching means (37) for selectively changing 
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between supply of the power generated by the 
fuel cell to the load (44) via the voltage adjust- 
ing means (38) and supply of the power gener- 
ated by the fuel cell to the load (44) via the 
bypassing means (48). 5 

2. The fuel cell system according to claim 1 , charac- 
terized by further comprising shutting means (41) 
for electrically shutting the secondary battery (40) 

off from the voltage adjusting means (38) and from w 
the load (44) when at least one of a condition for 
elimination of a need to store a power into the sec- 
ondary battery (40) and a condition for elimination 
of a need to output a power from the secondary bat- 
tery (40) is established, is 
wherein when the shutting means (41) electrically 
shuts the secondary battery (40) off from the volt- 
age adjusting means (38) and from the load (44), 
the switching means (37) switches to supply the 
power generated by the fuel cell (36) to the load 20 
(44) via the bypassing means (48). 

3. The fuel cell system according to claim 2, charac- 
terized in that a condition for the shutting means 
(41) to electrically shutting the secondary battery 25 
(40) off from the voltage adjusting means (38) and 
from the load (44) is one of a condition that an 
amount of charge of the secondary battery (40) is 
substantially 1 00% and a condition that a difference 
between a required power of the load (44) and an 30 
expected output power of the fuel cell (36) is sub- 
stantially zero and that the amount of charge of the 
secondary battery (40) is greater than a predeter- 
mined reference amount. 

35 

4. The fuel cell system according to any one of claims 
1 to 3, characterized in that the voltage adjusting 
means (38) is a DC/DC converter. 

5. An electric vehicle including a fuel cell system, 40 
comprising: a fuel cell (36) that is supplied with a 
fuel (24, 30) and generates a power; a secondary 
battery (20) capable of storing the power generated 

by the fuel cell and of outputting a power stored 
therein; and voltage adjusting means (38) for 45 
adjusting a voltage generated by the fuel cell and 
applying an adjusted voltage to the secondary bat- 
tery and a load (44), wherein the power generated 
by the fuel cell and the outputted by the secondary 
battery can be supplied to the load, the fuel cell sys- so 
tern being characterized by further comprising: 



fuel cell to the load (44) via the voltage adjust- 
ing means (38) and supply of the power gener- 
ated by the fuel cell to the load (44) via the 
bypassing means (48). 

6. The electric vehicle according to claim 5, character- 
ized by further comprising shutting means (41) for 
electrically shutting the secondary battery (40) off 
from the voltage adjusting means (38) and from the 
load (44) when at least one of a condition for elimi- 
nation of a need to store a power into the secondary 
battery (40) and a condition for elimination of a 
need to output a power from the secondary battery 
(40) is established, 

wherein when the shutting means (41) electrically 
shuts the secondary battery (40) off from the volt- 
age adjusting means (38) and from the load (44), 
the switching means (37) switches to supply the 
power generated by the fuel cell (36) to the load 
(44) via the bypassing means (48). 

7. The electric vehicle according to claim 6, character- 
ized in that a condition for the shutting means (41) 
to electrically shutting the secondary battery (40) 
off from the voltage adjusting means (38) and from 
the load (44) is one of a condition that an amount of 
charge of the secondary battery (40) is substan- 
tially 100% and a condition that a difference 
between a required power of the load (44) and an 
expected output power of the fuel cell (36) is sub- 
stantially zero and that the amount of charge of the 
secondary battery (40) is greater than a predeter- 
mined reference amount. 

8. The electric vehicle according to any one of claims 
5 to 7, characterized in that the voltage adjusting 
means (38) is a DC/DC converter. 



bypassing means (48) for supplying the power 
generated by the fuel cell to the load, bypass- 
ing the voltage adjusting means; and ss 

switching means (37) for selectively changing 
between supply of the power generated by the 
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